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We consider two cobalt-based full-Heusler compounds CoFeTiAl and Co2FeSi, for which Coulomb correlation
effects play an important role. Since the standard GGA scheme does not provide a precise description of the
electronic properties near the Fermi level, we use a meta-GGA functional capable to improve the description
of the electronic properties of CoFeTiAl and Co2FeSi. In particular, we find a better agreement with the
experiment for the magnetic moment and the energy-band gap. Moreover, our calculations show that pressure
enhances the insulating properties of Co2FeSi and CoTiFeAl.
I. Introduction
Co2-based Heusler compounds are among the best half-
metal ferromagnets (HMF) 1. These alloys exhibit 100%
spin polarization of the electronic density of states (DOS)
at the Fermi energy (EF ) because the band gap is present
only for one spin-resolved band. Moreover, Co2-based
Heusler alloys have large total magnetic moments (µtot)
and high Curie temperatures (TC). Therefore, they are
promising candidates for spintronic applications such as
tunnel spin junction and storage devices.
Among the ternary Co2-based systems, Co2FeSi al-
loy has been extensively studied both experimentally2–6
and theoretically.2,7–9 According to experiments, HMF
Co2FeSi crystallizes in the L21 ordered structure (space
group Fm3¯m) with a lattice parameter a0 of 5.64 Å2,5
and magnetic moment µtot of 6 µB/f.u., while the Curie
temperature is about 1100 K.2,4,6.
Regarding first-principles studies, the generalized gra-
dient approximation (GGA) gives a lattice parame-
ter a0 = 5.62 Å8 in agreement with experiments.
However, GGA does not reproduce the observed half-
metallic behavior and the total magnetic moment µtot =
5.5 µB/f.u.7–9 contradicts the Slater-Pauling rule10. Cor-
recting GGA with a Hubbard U parameter results in an
integer magnetic moment of 6 µB/f.u. and half-metallic
behavior.2,8,11.
GW many-body perturbation theory provides another
way to correct GGA without adjustable parameters. This
approach improves the agreement with the experimen-
tal quasiparticle spectra and yields µtot = 5.89 µB/f.u.,
which is closer to the integer experimental value.9.
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The quaternary Co-based Heusler alloys belong to an-
other family of half metal compounds.12 They have a
generic formula (XX′)YZ, in which X, X′, and Y are tran-
sition metals, while Z is an sp element. A member of this
family is the non-magnetic semiconductor CoFeTiAl13
possessing an inverse Heusler structure (space group
F43¯m) with a = 5.8509 Å. The GGA electronic struc-
ture calculations predict an almost-gapless semiconduc-
tor, while the GW increases the energy band gap. There-
fore, CoFeTiAl becomes a narrow-band semi-conductor14
within GW .
Clearly, corrections beyond GGA play an important
role in electronic structure of Co2FeSi and CoFeTiAl.
The GW scheme is a step in the good direction but the
method requires a large computational effort. Another
way to include corrections beyond GGA with less com-
putational effort is given by the meta-GGA strongly con-
strained and appropriately normed (SCAN) scheme15.
A recent Theorem by Perdew et al.16 on the general-
ized Kohn–Sham theory explains why SCAN outperforms
GGA for energy-band gaps. Perdew’s theorem also ex-
plains why Generalized Kohn-Sham band gaps from hy-
brid functionals such as SCAN017 can be more realistic
than those from GGAs or even from the exact Kohn-
Sham potential. SCAN0 has shown to perform better
than SCAN in transition metal chemistry18. However,
since hybrid functionals present problems in metals19,
SCAN could be a safer choice for Heusler alloys.
Here, we study structural, magnetic, and electronic
properties of Co-based full-Heusler compounds Co2FeSi
and CoFeTiAl by comparing results obtained with GGA
and SCAN. We also study how the energy gap evolves
under pressure.
II. Computational Details
Density Functional Theory (DFT) within the projector
augmented wave (PAW) method implemented in VASP
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2TABLE I. The equilibrium lattice parameter a0, total magnetic moment µtot, and the transition energies between certain high-
symmetry points for Co2FeSi and CoFeTiAl calculated with GGA and SCAN in comparison with the available experimental
data. NV is the number of valence electrons.
NV
a0 [Å] µtot [µB/f.u.] EΓ−Γ [eV] EX−X [eV] EΓ−X [eV]
GGA SCAN exp. GGA SCAN exp. GGA SCAN GGA SCAN GGA SCAN
Co2FeSi 30 5.625 5.570 5.64 Ref.
20
5.534 6.02 (5.97±0.05)Ref.11 0.773 2.139 – – – –
CoFeTiAl 24 5.806 5.756 5.82 Ref.
21
0 0 0Ref.
1
0.029 0.547 0.389 0.910 0.057 0.607
code22,23 was used for structural and electronic proper-
ties calculations. The exchange-correlation effects were
included within GGA 24,25 and also beyond. There are
several GGA functionals26,27, but in our study, GGA
refers to the functional parametrized by Perdew, Burke
and Ernzerhof28 and all our GGA computations use this
scheme. Our meta-GGA corrections in the present study
are within the SCAN method15. The four-atom cells with
space groups Fm3m and F43m were used for Co2FeSi
and CoFeTiAl, respectively. For ternary compound, two
Co atoms occupy the 8c (1/4, 1/4, 1/4) and (3/4, 3/4,
3/4) Wyckoff positions, while Fe and Si occupy the 4b
(1/2, 1/2, 1/2) and 4a (0, 0, 0). For quaternary alloy,
Co, Fe, Ti, and Al occupy 4c (1/4, 1/4, 1/4), 4d (3/4,
3/4, 3/4), 4b (1/2, 1/2, 1/2), and 4a (0, 0, 0) Wyck-
off positions, respectively. Ferromagnetic ordering was
considered.
For both compositions, full geometry optimization was
performed followed by accurate bands and densities of
states (DOS) calculations. Convergence threshold for
the ionic relaxation was set to 10−3 eV/Å. The kinetic-
energy cutoffs for the plane-wave basis and augmentation
charges were 700 eV and 800 eV, respectively. The Bril-
louin zone integration was performed using the second-
order Methfessel-Paxton method with smearing width of
0.2 eV. A Monkhorst-Pack 12×12×12 k -points mesh was
used for ionic relaxation. A more accurate 24 × 24 × 24
k -points mesh was used for bands and DOS calculations.
III. Results and Discussion
The results of structural and magnetic properties cal-
culations are summarized in Table I. SCAN yields a
smaller lattice parameter in comparison with GGA. GGA
and GW 9 give non-integer values of the magnetic mo-
ment, thus SCAN predicts integer µtot in agreement with
experiments.
Figure 1 illustrates the energy-band structures and
total DOS for the minority and majority channels for
Co2FeSi. The GGA and SCAN DOS for the majority
spin band (Fig. 1(a)) have the occupied band at the
Fermi level (EF ) showing a metallic character. Regard-
ing the minority spin band (Fig. 1(b)), GGA predicts
a half-metallic-like behavior due to the pseudo-gap Eg
shifted slightly to lower energies with respect to EF .
However, SCAN produces an exchange splitting ≈ 0.9 eV
FIG. 1. Band structure and total DOS of (a) majority and
(b) minority spin band for Co2FeSi calculated with GGA and
SCAN.
of the majority and minority spin states. Therefore, the
SCAN DOS for the minority spin reveals an energy gap
0.91 eV near EF . In the spin-down band structure at
the X point, the SCAN conduction band extends sig-
nificantly less below EF than the corresponding GGA
band. Although GGA and SCAN give qualitatively dif-
ferent behavior for band structure between all considered
high symmetry points in the Brillouin zone of Co2FeSi,
both suggest almost half-metallic behavior. The energies
in the valence and conductive bands push away from the
Fermi level for both spin channels indicating the presence
of exchange splitting.
We now consider the electronic structure of non-
magnetic CoFeTiAl presented in Fig. 2. For GGA, we
obtain an almost-gapless semiconductor behavior with a
pseudogap of ≈ 0.03 eV as in previous studies,14 while
SCAN presents more semiconducting character by sepa-
rating the valence and the conduction bands. The SCAN
band gap is 0.55 eV characteristic of a semiconductor.
The GW result gives a narrow-band semiconductor with
3FIG. 2. Electronic band structure and total DOS for CoFe-
TiAl calculated with GGA and SCAN.
EGWg = 0.30 eV.14 A similar situation occurs for the non-
magnetic semimetal Fe2VAl according to Buchelnikov et
al.29 The direct Γ − Γ and X − X and indirect Γ − X
energy gaps are summarized in Table I. One can see that
the Γ − Γ energy gap is the smallest one, therefore, one
can infer conduction properties by examining this gap.
SCAN energy gaps between high symmetry points are
several times larger than GGA values.
Next, we consider the effect of external pressure on the
structural, magnetic, and electronic properties. We find
that GGA yields a linear decrease in the lattice param-
eter with an applied pressure with a slope 0.008 Å/GPa
for both Co2FeSi and CoFeTiAl. However, SCAN re-
sults are slightly different for ternary and quaternary al-
loys, since the slope is 0.008 Å/GPa for Co2FeSi and
0.009 Å/GPa for CoFeTiAl. The magnetic moment of
Co2FeSi decreases linearly with pressure for both GGA
and SCAN. However, the SCAN slope is 0.009 µB/GPa,
which is almost two times less than the GGA slope given
by 0.017 µB/GPa.
Concerning the electronic properties, the influence of
external pressure on the transition energies between high-
symmetry points is illustrated in Fig. 3. Energy gaps are
affected by pressure since unoccupied and occupied states
are pushed up and down, respectively, under the influence
of external pressure. The Γ − Γ and Γ −X energy gaps
increase linearly while the X − X energy gap decreases
with pressure for both alloys. The energy gap widening
at Γ point for Co2FeSi and CoTiFeAl produces insulating
characteristics. These trends are predicted both by GGA
and SCAN. However, the SCAN gap values are an order
of magnitude higher than those obtained by GGA.
IV. Conclusions
We have considered corrections beyond GGA for struc-
tural, magnetic, and electronic properties of Co2FeSi
and CoTiFeAl full-Heusler compounds. SCAN gives a
magnetic moment for Co2FeSi consistent both with the
Slater-Pauling rule and with the experimental value.
Moreover, the half-metallic behavior of Co2FeSi and
FIG. 3. Transition energies between high symmetry points in
dependence of external pressure for (a) Co2FeSi and (b) CoFe-
TiAl calculated with GGA and SCAN.
semiconductor behavior of CoTiFeAl predicted by SCAN
are in good agreement with experiments. We conclude
that SCAN can capture similar corrections to those in-
cluded in the GGA+U and GW schemes while avoiding
external U parameters and overwhelming computational
costs.
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